Abstract. Native grass, forb, and shrub seed is needed to restore rangelands of the U.S. Intermountain West. Fernleaf biscuitroot [Lomatium dissectum (Nutt.) Mathias & Constance] is a desirable component of rangelands. Commercial seed production is necessary to provide the quantity and quality of seed needed for rangeland restoration and reclamation efforts. Fernleaf biscuitroot has been used for hundreds if not thousands of years in the western United States as a source of food and medicine. Knowledge about fernleaf biscuitroot is confined to ethnobotanical reports, evaluation of some of its chemical constituents, and its role in rangelands. Products derived from fernleaf biscuitroot are sourced from wild plant populations. Little is known about fernleaf biscuitroot cultivation or its seed production. Variations in spring rainfall and soil moisture result in highly unpredictable water stress at flowering, seed set, and seed development of fernleaf biscuitroot. Water stress is known to compromise seed yield and quality for other seed crops. Irrigation trials were conducted at the Oregon State University Malheur Experiment Station at Ontario, OR, a location within the natural environmental range of fernleaf biscuitroot. It was anticipated that supplemental irrigation would be required to produce a seed crop in all years. Fernleaf biscuitroot was established through mechanical planting and cultivation on 26 Oct. 2005 in a randomized complete block design with four replicates; plot size was 9.1 m x 3.04 m wide. Irrigation treatments were 0 mm, 100 mm, and 200 mm/year applied in four equal treatments 2 weeks apart, timed to begin with flowering and continue through seed formation. First flowering occurred in the third year after planting. Seed production increased from the fourth through the sixth year. Optimal irrigation for seed production was calculated as 140 mm/year.
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L. dissectum grows at elevations from sea level to 2500 m in western North America from southern. California to British Columbia to the Rocky Mountains, mostly on rocky soils and in meadows (Meilleur et al., 1990; Soltis et al., 1997) . Highly fertile, well-drained, and rocky soils are preferred environments where L. dissectum grows into large clumps 1.0 to 1.2 m (3 to 4 ft) wide. It can grow in a range of precipitation regimes, including semiarid conditions. Three varieties, L. dissectum var. dissectum, L. dissectum var. eatonii, and L. dissectum var. multifidum, have been recognized indicating a considerable range of variation in the species; however, the varieties intergrade and there is disagreement as to whether varietal separation is warranted (Cronquist et al., 1997; Soltis et al., 1997) .
Current State of Knowledge
Lomatium dissectum was used by Native American populations as food, medicine, and a piscicide. Specific uses described in historic, ethnobotanical records cannot be verifiably linked to L. dissectum as a result of the morphological similarities, especially in leaf morphology, among some Lornatiunz spp. and revisions of taxonomic classifications after the ethnobotanical studies (Ebeling, 1986; Jones, 1941; 1VIeilleur et al., 1990) . More than half of the Lomathan spp. are relatively rare with geographically restricted ranges (Soltis et al., 1997) making proper identification by a generally trained ethnobotanist less likely and perpetuating possible cases of fblk underdifferentiation, the use of one folk name for two closely associated Linnaean species (Hunn and Brown, 2011) . Of the 70 to 80 Lomatium species front western North America, only 20 occur in the ethnobotanical literature (Moerman, 2012 and Mycobacterium avium (McCutcheon et al., 1995 (McCutcheon et al., , 1997 . Lomatium dissectum has shown no activity against a variety of other viruses and bacteria: bovine coronavirus (BCV, Coronaviridae), bovine herpesvirus type 1 (13LIV1, Herpesviridae), bovine parainfluenza virus type 3 (BP13, Paramyxoviridae), bovine respiratory syncytial virus (BRSV, Paramyxoviriaize), vaccinia virus (Poxviridae), and vesicular stomatitis yin's (VSV, Rhabdoviridae), Mycobacterium aurtim, and Mycobacterium smegmatis (McCutcheon et al., 1995 (McCutcheon et al., , 1997 Newton et al., 2002) . L. dissection also showed no antifungal activity in a screening against nine fungi (McCutcheon et al., 1994). McCutcheon and colleagues' studies (1994, 1995, and 1997) did not seek to isolate the specific active components in the roots.
VanWagenen and Cardellina (1986) isolated two tetronic acids from L. dissectum as the principal antimicrobial metabolites based on the CH ,C12-soluble extract from one whole plant. Four water-soluble constituents of L. dissection that may inhibit bacterial and fungal growth have also been isolated, a flavonoid glycoside and three coumarin glycosides (VanWagenen et al., 1988) . Links have yet to be drawn between the active components of the plant and the specific viruses or bacteria they act against.
Essential oils have been extracted and described from L. dissection. The aromaticity was thund to be primarily in the roots as opposed to the fruits and foliage. Based on the content of longifolene and ester in root oils, it may be possible to distinguish between L. dissectum var. dissectum, containing higher percentages of ester, and L. dissectum var. mu/tOdum, containing more longifolene (Bairamian et al., 2004) . The higher percentages of essential oils in L. dissectum roots is not a characteristic of the genus; the percentages are low in other studied Lomatium species, specifically L. dasycarpum, L. lucidum, L. macrocatpum, and L. utriculatum (Asuming et al., 2005) . Neither studies of the essential oils nor pharmacological components of L. dissectuni have discovered why its root extract can function as a piscicide (Bairamian et al., 2004; Meilleur et al., 1990) .
The geographic distribution of L. dissect= chemical properties is unknown.
On modern rangelands, L. dissection serves as the host to Depressaria leptotaeniae moth larvae that feed on umbel sheaths and umbels (Clarke, 1953; Thompson, 1983) . Depressaria betina larvae have also been found on the plants. Depressaria spp. have high degrees of host specificity. Lomatium dissectum is also a preferred food of grazing animals and some birds, its roots are eaten by rodents, and its seeds are a desirable food for some insects and mammals (Thompson, 1985 (Thompson, , 1998 . Natural plant populations of L. dissection are also attacked by Puccinia spp. rust and insect pests including Phytontyza spp. leaf miner and Contarinia spp. gall flies (Thompson, 1998) . We have observed aphids on native plant stands, but the species of aphids was not identified.
Germination of L. dissectum occurs after a vernalization period of three to four months with soil temperatures below 4.5 °C (Scholten et al., 2009) Unlike the other two Lomatium species, L. dissect= did not emerge and the entire rows were replanted from the same seed lot at 65 seeds/m using the planter on 26 Oct. 2005 so that natural, winter vernalization could occur.
In the spring of 2006, the plant stand was excellent.
In Apr. 2006, the L. dissect= strip was divided into four plots 9.1 m long.
Each plot contained four 0.76-cm rows. The Each irrigation was scheduled to deliver 25 rum (100-min treatment) or 50 mm (200-mm treatment) through the drip system. The amount of water applied was measured by a water meter and recorded after each irrigation (Table 1 ). In 2007, irrigation treatments were inadvertently continued after the fourth irrigation doubling the planned irrigation amounts. In Mar. 2007, the drip irrigation system was modified to allow separate irrigation of the forb species as a result of differing onset dates of flowering. The three Lomatium spp. were irrigated together. Flowering dates for Lomatium dissec turn were recorded and are reported in conjunction with the irrigation dates in Table 2 . Seed was harvested and cleaned by hand. Seed quality was not determined.
Soil volumetric water content was measured several times each season by a neutron probe. The neutron probe was calibrated by taking soil samples and probe readings at 20 cm, 50 cm, and 80 cm depths during installation of the access tubes. The soil water content was determined volumetrically from the soil samples and regressed against the neutron probe readings separately for each (Table 3) .
Plant irrigation needs for survival and some seed production are met by the natural precipitation in Ontario, OR, which lies within the native range of the species (Table 4); however, the addition of supplemental irrigation significantly influenced seed yield. In both 2010 and 2011, seed yield showed a quadratic response to irrigation rate (Fig. 1) . In 2010, seed yield was estimated to be maximized by 161 mm of applied water. In 2011, the optimum was at 127 mm. Averaged Over the three years, seed yield showed a quadratic response to irrigation rate and was estimated to be maximized by 140 min of applied water [Fig. 1 and Eq. (4) ]. The total of 140 nun may actually underestimate typical annual irrigation needs because both 2010 and 2011 were unusually wet before L. dissectum growth (Table 4) .
Letting annual seed yield be Y in kghaand applied irrigation to be X in millimeters, the data in Figure 1 0.0247 * X2, [4] Because substantial seed yields of L.
dissectum were achieved under cultivation, it is reasonable to assume that other plant parts could also be grown for medicinal or pharmacological use.
Seed yield in 2011 was substantially higher at all irrigation levels. The relatively high yield without any irrigation in 2011 may have been the result of greater plant (Table 5 ).
Conclusions
Lomatium dissectum was successfully established with mechanical fall planting after a spring planting failed. Drip irrigation was an effective irrigation system. Seed production was delayed until the fourth year and continued to increase through the sixth crop year. Considering seed yield over the fourth through sixth years, the optimal irrigation amount at Ontario, OR, was calculated to be 140 mmlyear. 
